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DECOMPOSITION  OF  HYDRATED  AmiONIUM  SALTS. 


Under  the  influence  of  rising  temperatures,  di ammonium  oxalate^ deoora- 
poses  as  follows:- 


(C00NH4)a  +  HaO 

(C00NH4)3.H3  0 

(C0CH)8  +  HaO  +  2NH5 

III.(3> 

(CO0NH4)a.H20 

HCOOH  +  COa  +  2NH3  +  HaO 

IV.<<> 

(C00NH4)3.H20 

(  CONH3  )a  t  3HaO 

(C00NH4)a.H30 

CO3  +  CO  i-  2NH3  f  2H2O 

(C00JJH4)a.H20 

HON  -r  CO3  t  NH3  SHsO 

(COONH4 )a.H30 

CaNa  +  5H3O 

Some  of  these  reactions  take  place  at  approximately  the  same  temperatures; 
others  only  at  successively  higher  temperatures.    That  equation  I  represents  the 
initial  decomposition  is  established  with  certainty^ ^ ^;  the  end-products  at  high 
temperatures  are  shown  to  be  largely  cyanogen  and  water  VII,    It  will  be  observed 
that  only  equations  I  and  II  represent  reversible  reactions  which  are  rapid  and  can- 
plete;  the  products  of  reaction  III  condense  to  ammonium  formate  and  ammonium  bi-  i 
carbonate;  some  of  the  products  of  reaction  V  and  VI  condense  to  ammonium  carbonate 
emd  ammonium  bicarbonate;  reactions  IV  and  VII^®^        are  piraotically  non-reversi- 
ble. 1 

From  consideration  not  only  of  the  number  of  these  possible  reactions  but  also 
of  the  diversity  of  the  products  formed,  it  may  be  supposed  that  the  decomposition 

Foot -Note. 

(a)  Pelouse  and  Richardson  (A.  26,  63)  show  that  water  and  cyanogen  yield  am- 
monium oxalate.    Zellet  (Monatshefte  14,  224)  finds  that  when  cyanogen  is 
heated  with  water  at  100°,  he  obtained  oxalic,  hydrocyanic  and  azulmic 
acide,  urea,  carbon  dioxide,  and  ammonia. 
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of  this  simple  salt  involves  a  hopeless  complexity;  however,  the  following  studies  j 
seem  to  indicate  that  the  order  of  successive  decompositions  is  largely  as  shown 
in  the  equations; 

(C00NH4)2.H30  =  (C00NH4)a  +  HaO 

(C00NH4)a        =  (COIIHa)a  +  SHaO 

(C0NHa)8         =  CaNa        +  2H3O 
Samples  of  pure  di ammonium  oxalate  in  open  crucibles  were  heated  in  air-baths 
whose  temperatures  were  held  constant  during  one  hour's  heating.    The  total  loss  !l 
in  weight  and  the  residua  of  ammonia  were  determined  in  eacJi  experiment  with  the 
following  results: 


Loss 

per  cent. 

Of 

Experiment 

-  Temperature 

Total  - 

Ammonia  - 

Water^^ 

1 

80 

9.51 

9.51 

2 

96 

12.17 

12.17 

3 

118 

13.17 

13.17 

4 

143 

14.02 

14.02 

5 

153 

15.42 

0.33 

15.09 

6 

168 

63.78 

6.75 

56.03 

7 

178 

78.65 

13.86 

64.73 

8 

193 

87.89 

13.92 

74.03 

9 

243 

89.21 

18.95 

70.26 

These  experiments  show  that  when  dry  diammoniura  oxalate  is  heated: 

1.  It  evolves  one  molecule  of  water  below  100®^*^^  (Equation  I);  and  to  150® 
at  least,  decomposes  according  to  Equation  IV. 

2.  Below  168°  the  loss  of  water  is  even  greater  than  that  represented  by  equa- 
tion IV  (38.02  per  cent.);  hence  oxaraide  is  largely  formed  at  these  temperatures. 


Foot  Notes. 

.(b)  And  other  products  at  higher  temperature;  the  total  per  cent,  of  water  is 

63.37  per  cent, 
(c)  One  molecxile  of  water  represents  12,67  per  cent. 
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3,  At  150°  ainraonia  tegine^®^  ^   '    to  "be  evolved  (Equation  II)  and  at  higher 
temperature  it  oontinues  to  be  evolved  or  elae  the  substance  sublines. 

Since  oxamide  sublines  but,  as  shown  below,  does  not  decompose  into  cyanogen 
and  water  (Equation  VII)  below  280°,  it  nay  be  concluded  that  the  lower  temporaturBE 
represent  only  two  main  deconpositions( I  and  IV),    Efforts  were  made  to  confirm 
this  by  vapor  tension  curves. 

Tensions  of  Pi ammonium  Oxalate. 


Temperature 

-  Preeexire 

Temperature 

-  Pressure 

71 

11 

145 

2134 

74 

19 

156 

2748 

82 

53 

161 

3144 

85 

58 

168 

3877 

90 

72 

171 

4319 

95 

78 

176 

4821 

98 

85 

180 

5233 

111 

314 

182 

5546 

121 

597 

187 

6084 

122 

827 

195 

7103 

126 

999 

197 

7326 

131 

1271 

200 

7682 

138 

1616 

205 

8219 

141 

1815 

210 

8818 

Tensions 

of  Oxamide. 

Temperature 

-  Pressure 

Temperature 

-  Preeeiure 

265^  ®  ^ 

45 

283 

1596 

270 

71 

294 

1911 

274 

86 

294.5 

2115 

277 

118 

296 

2157 

283 

241 

295.5 

2301 

290 

278 

296.5 

2412 

291 

1182 

297 

2536 

292 

1383 

297.5 

2752^  ^ 

Foot  Notes.  I 

(d)  Gillot  (J.  Chem.  Soc.  1901.  A  118)  shows  that  ammonia  is  completely  hydro- 
lized  and  expelled  from  boiling  solutions  of  diammoniura  of  dry  substances 
and  solutions  of  the  same  is  worthy  of  note. 

(e)  Sublimation  was  observed  at  this  temperature.  j 

(f)  The  non-reversible  pressure  was  equal  to  1182  mm.;  a  large  quantity  of 
cyanogen  was  fovmd. 
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It  will  be  observed  that  the  tension-curve  of  diammoniiun  oxalate  is  represent-j 
ed  by  three  distinct  segments.    Segment  A  unquestionably  represents  the  partial 
aqueous  decomposition;  segment  B  evidently  represents  the  elimination  of  the  mole- 
ctile  of  water  of  crystallization  (Equation  I)j  and  segment  C  represents  the  decom- 
position into  oxamide  and  probably  the  simultaneous  decomposition  represented  by 
equation  II,  III,  V,  and  VI,    That  reaction  VII  does  not  take  place  belowr  290**  is 
sufficiently  indicated  by  the  data  of  oxamide. 

Monoamnonium  Oxalate. 

This  salt,  prepared  by  the  methods  of  Nichols^         and  lalden^"''^^  was  found 
to  be  pure  NH4HC2H4.H20(  i.e.(  im* )aCa04.H3Ca04.H20).  it  is  reported  that  when  heated, 
this  salt  is  stable  to  70*^^^^^;  at  higher  temperatures,  it  first  loses  its  water 
of  crystallization^ at  140*^  it  forms  oxaminic  acid^-^^^;  at  more  elevated  tem- 
peratures, it  yields  carbon  dioxide,  carbon  monoxide,  formic  acid  and  oxamide^ 
finally,  it  expells  hydrocyanic  acid  and  aramoniiam  carbonate''         the  residue  con- 
tains oxaminic  acid^^^^  and  oximide^^^^ 

Ihen  samples  of  the  salt  were  heated  in  open  crucibles  in  the  msuaner  indicated 
above,  the  following  data  were  obtained: 

Loss  per  cent,  of 


Experiment 

-  Temperature 

Total 

-  Ammonia 

-  Water 

1 

75 

2 

94 

2.68 

2.68 

3 

105 

7.47 

7.47 

4 

115 

8.54 

8.54 

5 

134 

9.09 

0.13 

8.96 

6 

155 

10.99 

0.30 

10.69 

7 

169 

11,51 

1,03 

11,48 

8 

183 

48.36 

1.71 

46.65 

9 

200 

88.51 

8.98 

79.53 

10 

225 

99. G4 

12,24 

87.40 

e 

It  is  seen  that  monoanunonium  oxalate: 

1.  Is  stable  to  75® 

2.  Parts  with  its  molecule  of  water  of  crystallization  (14.40  per  cent.) 
below  170°. 

o  ' 

3.  Loses  two  other  molecules  of  water  at  183    and  simultaneously  incurs  a 

secondary  decomposition  or  sublimes. 

Therefore  the  main  successive  decompositions  are  probably  indicated  by  the 
equations: 

NH4HCa04.naO  =  NH4HCa04  +  HaO 

IIH4HC2O4        =  HOOCCOIffla+  H2O 
COv 

HOOCCONHa       =      ^>NH  HaO 
CO^ 

The  above  data  of  decomposition  is  closely  confirmed  by  the  vapor-tensions  of  the 
substance. 


Teraperatiire 

-  Pressure 

Temperature 

-  Pressure 

81 

7.7 

145 

2131 

88 

15. G 

150 

2370 

95.8 

50.2 

155 

2682 

106 

469 

160 

2964 

110 

686 

165 

3096 

115 

875 

170 

3268 

122 

1102 

175 

4009 

125 

1230 

176 

5862 

130 

1420 

180 

7427 

135 

1623 

182 

8159 

140 

1840 

185 

9846 

It  will  be  observed  (  see  Plate  I)  that  (1)  the  general  form  of  the  two  curves 
are  much  alike,  (2)  the  molecule  of  water  in  each  Bait  is  completely  eliminated 
below  100  -  170*^,  and  (3)  the  upper  segments  represent  the  second  stages  of  decora- 
position. 


Decompositions  of  the  above  organic  compounds  indicate  that  the  initial  and 


predominating  reactions  involve  the  expulsion  of  water;  and  that  simultaneously, 

particularly  at  higher  temperatures,  secondary  reactions  indicated  by  the  dissocia-? 

ii 

tion  of  ammonia  are  involved.    It  was  hoped  that  studies  of  inorganic  hydrated  ara-ii 
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moniiun  sfidts,  along  the  linos  indicated  above,  would  lead  to  a  more  intimate  knowl-1 
edge  of  water  of  crystallization  and  of  the  structure  of  hydrated  salts.  That  this 
hope  has  been  partially  realized  is  evidenced  by  the  following  studies. 

It  was  found,  for  instance,  that  certain  hydrated  arainoniuia  salts  deooinpose  so 
as  to  yield  both  water  and  anunonia  at  most  temperatures  above  the  initial  tenipera- 

ii 

ture  of  decomposition.    Studies  of  the  rate  of  expulsion  of  water  and  amnonia  have 
shown  that  abundant  yields  of  ammonia  usually  accompany  the  largest  yields  of  waterjj 
and,  though  the  last  trace  of  ammonia  is  given  off  only  with  the  last  trace  of 
water,  it  is  given  off  simultaneously  with  it  at  most  of  the  lower  temperatures.  ; 
In  other  words,  curves  of  expulsion  of  ammonia,  as  well  as  of  water,  extend  from  I 
the  temperatures  of  initial  decomposition  to  those  of  complete  decomposition;  con-  ; 
sequently  tracing  the  course  of  ammonia  through  the  composite  decompositions  leads 
to  knowledge  of  the  respective  individual  decompositions  and,  as  will  be  shown, 
throws  light  upon  individual  structures  in  the  complete  structure.    For  instance 
suppose  it  can  be  shown  that  highly-polyhydrated  ammonium  salts  are  largely  decom- 
posed below  100°,  while  the  residues  of  ammonia  and  of  "water  of  composition"  era 
completely  expelled  only  at  considerabley  higher  temperatures,  it  may  then  be  con- 
cluded that  the  union  of  ammonia  resembles  more  closely  the  union  of  "water  of  com°j 
position"  than  the  union  of  water  of  crystallization.    Again  suppose  it  can  be 
shown  that  ammonia  is  given  off  at  all  lower  temperatures,  it  may  be  concluded  thai 
both  "water  of  crystallization"  and  "water  of  composition"  are  given  off  at  all  of 
these  lower  temperatures.  j 

In  respect  to  the  methods  used  to  differentiate  the  respective  dissociations 
it  has  been  found  that  vapor-tension  curves(vide  Pl.VII)arenot  necessarily  indica- 
tive of  the  qualitative  decompositions  of  compounds;  in  the  case  of  polyhydrated 

salts  they  are  a  measurement  only  of  the  composite  effect  of  a  number  of  oo-terapor-* 

ji 

aneous  dissociations.    For  instance  if  each  molecule  of  water  and  ammonia  in  the  | 

li 

original  compound  has  a  definite  vapor-pressure  for  each  temperature,  it  may  easilyj 
be  seen  that  the  resultants  of  their  pressures  may  so  blend  as  to  indicate  no  def- 
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Inite  breaks  in  the  vapor-pressure  curve,  therefore,  recognition  of  points  of  decomj|' 


position  may  fall  entirely  when  only  vapor-preasure  ourves  are  studied.    For  this 


reason  other  methods  of  investigation  have  been  employed. 


Deooraposition  of  Inorganic  Salts. 

Various  investigators  have  represented  partially  dehydrated  salts,  for  instance 
hydrated  amnonium  salts,  by  very  contradictory  and,  as  shown  below,  by  very  errone-| 
ous  formulas.    Ve  find  in  the  periodicals  and  the  text-books  that  free  use  is  made 
of  formulas: 

(NH4MgAs 04)3.1120  and 
(NH4MgP04).KaO 

to  represent  ammonium  magnesium  arsenate  and  ammonixan  magnesium  phosphate  dehydrat- 
ed at  100^  -  110°:    Though  most  investigators^ "^"^ ^  agree  that  the  composition  of 
antmonium  magnesiiim  arsenate  at  ordinary  temperature  is  NH4MsAs04.GHaO,  a  considera- 
ble difference  of  opinion  of  its  composition  at  temperatures  between  98°  and  110° 
is  expressed.    For  instance,  Bunsen^     '  concludes  that  nearly  one-half  of  a  mole- 
cule of  water  is  held  at  98°.    Rose^^^^  Puller^^'^^  Field^^®^  and  Lefevre^^®^ 
affirm  that  exactly  1/2  mol.  HgO  is  retained  by  the  salt  when  it  is  dried  at  100° 
on  the  water  bath;  Puller^ ^''^  holds  that  it  is  praotioadly  dehydrated  at  103°;  and 
Bunsen^"^^^  further  states  that  it  is  completely  dehydrated  at  104.5°.    These  data 
do  not  appear  to  be  particularly  discordant;  but  in  view  of  the  fact,  as  shown  in 
this  research,  that  3-4  per  cent,  of  ammonia  -  equivalent  in  weight  to  about  1/2 
mol.  K2O  -  arc  lost  at  these  temperatures,  none  of  the  conclusions  drawn  are  cor-  !' 
rect.    For  when  the  salt  is  dried  at  these  temperatures  less  ammonia  and  more  water 
are  present  than  is  represented  by  the  formula  (NH4MgAs04 )a.H20.    A  more  correct 
representation  would  be  a  mixttire  in  equal  proportions  of  HMgAs04.HaO  and 
NH4MgAs04.H20.    However,  even  this  formulation  will  be  shown  to  be  incorrect,  for 
one  conclusion  of  these  studies  is  that  no  definite  formula  can  be  given  to  many  j' 
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hydrated  ancnoniTan  seilts  dried  at  temperatures  between  40°  -  200^. 

This  ie  clearly  illustrated  by  data  obtained  on  heating  samples  of  these  saltc 
at  definite  intervals  of  temperature  for  equal  lengths  of  time  and  determining  both 
the  total  loss  in  weight  sustained  and  also  the  weight  of  ammonia  evolved.  The 
salts  contained  and  weighed  in  U-shaped  tubes  were  heated  in  baths  controlled  by 
thermostats,  while  air  dried  and  freed  from  carbon  dioxide  wem  passed  continuously  i 
through  the  tubes  and  into  flasks  containing  standard  sulphuric  acid.    The  total 
loss  of  weight  in  the  U-tubes  represented,  of  course,  the  loss  of  both  water  and  \ 
ammonia;  this  weight  less  the  weight  of  ammonia,  determined  by  titration,  gave  the 
loss  of  water. 

It  was  found  that  quite  different  results  were  obtained  when  we  varied  the 
following  conditions: 

1.  Temperature 

2.  Time 

3.  Kind  of  drying  gas 

4.  Quantity  of  drying  gas 

5.  Size  of  salt  crystals. 

6.  Age  of  salt  crystals 

7.  Manner  of  heating. 

The  effect  of  temperat\ire  is  th^  most  important  and  it  was  on  temperature  as 
a  basis  that  the  following  studies  were  made. 

The  influence  of  time  was  soon  found  to  be  a  very  disturbing  factor,  for  these 
salts  do  not  dry  to  definite  composition,  therefore  briefer  or  longer  desiccation 
gave  very  widely  different  per  cents,  of  decomposition.    This  is  seen  in  the  fol-  j 
lowing  table: 
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Substance 

Weight 

Lose 

Lose  0/0 

Tine 

Tejnporature . 

NH4MgP04  .6H2O 

.7473 

.0423 

5.66 

4 

70^ 

NILiMgPO*  .eHgO 

.4636 

.1658 

35.76 

40 

70^ 

HNaNH4P04.4H2  0 

.8016 

.1178 

14.70 

4 

76® 

HNaNH4P04.4HaO 

4.7094 

1.0784 

22.89 

57 

75® 

NH4MgAs04.6H2  0 

.7941 

.0136 

0.35 

4 

50® 

NUtMeAsOA.eHnO 

.7958 

.0372 

4.67 

20 

50° 

NH4MgAs04.6H20 

.2920 

.1108 

37.95 

4 

llO*:* 

NH4MSA8O4.6H3O 

1.1127 

.4566 

39.61 

40 

110° 

It  will  be  observed  here  that  heating  for  four  hours  invariably  gave  lower  per 
cents,  of  deoorapoeition  than  when  heating  for  20  -  57  hours.    An  explanation  of 
these  great  differences  of  results  on  short  and  protracted  heating  is  conceivable 
when  one  recalls  that  "water  of  crystallization"  is  more  easily  expelled  than  "Irater 
of  composition".    The  former  is  usually  eliminated  at  temperatures  below  100®;  the 
latter,  at  temperatures  above  100®.    By  protracted  heating  at  low  temperatures, 
however,  "water  of  composition"  may  be  removed  completely^ ®\  therefore  too  pro- 
longed heating  at  low  temperature  does  not  reveeil  the  normal  decomposition  at  these 
temperatures.    On  the  other  hand  too  brief  a  heating  at  low  temperatures  does  not 
insure  complete  removal  of  the  decomposition-products.    It  was  to  avoid  on  the  one 
hand  incomplete  dehydration,  and  on  the  other  excessive  secondary  decomposition 
that  periods  of  4  -  7  hours  heating  were  finally  chosen. 

It  was  found,  moreover,  that  heating  the  salts  progressively,  that  is  heating ^ 
the  same  sample  to  successively-  higher  temperatures,  did  not  yield  the  proper  ' 
results,  for  on  comparing  the  per  cents,  of  decomposition  obtained  in  this  manner 
with  the  per  cents,  of  decomposition  obtained  by  heating  different  samples  at  the  ' 
respective  temperatures,  very  different  results  were  obtained. 

Foot  Note. 

( g)  See  page  17. 
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The  method  of  heating  individual  eanplos  at  different  temperatures  for  the 
same  lengths  of  tine  was  adopted,  in  preference  to  heating  the  same  sample  success- 
ively to  higher  temperatures,  for  the  reason  that  the  former  method  really  elimi- 
nates the  element  of  time  and  thus  minimizes  secondary  decompositions.    For  in- 
stance when  a  sample  of  a  salt  is  heated  at  85°  for  4  ho\irs  and  then  another  sample 
of  the  same  salt  is  heated  at  70°  for  four  hours,  all  other  conditions  remaining 
the  same,  the  difference  of  effect  is  the  result  of  temperature  alone.    A  further 
reason  for  employing  the  method  of  separate  samples  for  each  interval  of  tempera- 
ture,  was  to  avoid  the  accioraulative  errors  of  analysis  involved  in  the  other  methodiL 

The  effect  of  using  different  gases  to  carry  off  the  decomposition-products 
may  te  seen  in  the  use  of  hydrogen  and  of  air.  In  the  following  table,  the  data 
were  obtained  on  heating  microcosmic  salt  for  periods  of  four  hours  each. 


Temperature 

-  Per  cent. 

-  Carrier 

50° 

0.35 

Hvdrogen 

50° 

0.60 

Air 

50° 

0.59 

Air 

76° 

9.64 

Hydrogen 

75° 

16.35 

Air 

The  results  here  indicate  that  hydrogen  is  not  so  efficient  a  carrier  as  air,  and 
this  undoubtedly  is  owing  to  the  fact  that  is  possesses  a  much  more  rapid  rate  of 
diffusion. 

The  effect  of  speed,  or  rather  the  quantity,  of  carrying  gas,  is  seen  in  the  \ 
following  experiment.    Dry  air  was  passed  for  27  hours  over  4.43?4  grsms  of 
NH4MgA6  04.6H2  0;  it  lost  .2114  grams  or  4.80  per  cent,  whereas  another  sample  of 
3.4729  grams  exposed  to  quiet  air  for  the  same  time  lost  scarcely  a  weighable  quan- 
tity. I 

The  air  used  in  the  following  experiments  was  regulated  so  that  60  -  70  bub- 
bles per  minute  passed  from  the  exit-tube  dipping  into  the  flasks  containing  the 


I 


Ig 

standard  acid.  At  first  considerable  difficulty  was  encountered  in  regulating  this 
passage  of  air  but  after  a  number  of  trials  the  following,  quite  satisfactory  j 

system  was  adopted.    The  air  from  the  main  supply  was  passed  through  a  bottle  con-j[ 

i' 

nected  on  the  one  hand  with  the  drying- train  exid  on  the  other  with  a  shunt-tube 
dipping  into  a  definite  depth  of  water.    The  object  of  the  shunt  was  to  force 
through  the  drying-system  air  backed  by  a  constant  pressure,  equal  always  to  the 
height  of  water  in  the  shunt-system  when  air  was  constantly  passing  out  of  the  lat-i 
ter.    The  quantity  of  air  passing  through  the  drying-system  was  controlled  by  a 
sorew-clarap  attached  to  a  rubber  tube  in  connection  with  the  exit-tube.    By  this 
means  the  number  of  bubbles  per  minute  could  be  regulated  to  a  nicety;  the  size  of 
the  bubbles  passing  through  the  normal  sulphuric  acid  was  limited,  of  course,  by  the 
size  of  the  exit-tube  dipping  into  the  normal  sulphuric  acid. 

Fifthly,  the  size  of  the  salt  crystals  used  was  found  to  exercise  a  very  ap- 
preciable effect  on  the  results;  mass  vsirying  as  the  cube,  and  radiating  surfaces 
as  the  square  of  the  diameter.    To  reduce  this  influence  to  a  minimum  the  crystals 
were  pulverized  so  as  to  pass  through  a  particular,  fine-iaesh  sieve. 

Sixthly,  the  eige  of  the  salt  crystals,  in  the  case  of  some  salts,  for  instance 
with  ammonium  oalcixim  arsenate,  was  foijind  to  introduce  large  factors  of  error.  The 
weathering,  that  is  the  decomposition  of  these  salts  at  ordinary  temperature,  is 
often  so  great,  particularly  in  the  summer  time,  that  only  freshly-prepared  samples 
could  be  used. 

Finally,  the  manner  of  heating,  for  instance,  whether  in  open  crucible,  in  | 
desiccators  over  sulphuric  acid,  or  in  the  U-tubes  mentioned  above,  was  found  to  P 
yield  different  per  cents,  of  decomposition.    Of  course  the  same  method  of  heating 
was  employed  throughout  any  given  experiment,  nevertheless  at  some  temperatures 
certain  abnormal  results  were  often  obtained  and  can  be  explained  only  on  the  basis 
of  "suspended  transformation".    For  instance  in  the  following  table: 
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Substance 


Temperature  -  Per  oent.  Volatilised 


Al3(S04  )3.18H20 


83.0 


11.79 


flO.5 


4.G9 


KA1(S04  )a.l2HaO 


71.5 


8.35 


83.0 


2.21 


it  is  seen  that  higher  temperatures  yield  lower  per  centa.  of  decomposition  though|j 
the  experiments  were  carried  out  vtnder  similar  conditions.  Heating  at  once  to  the! 
higher  temperatures  seems  to  induce  this  "suspended  transformation". 

Though  recognizing  the  above-mentioned  influences  and  observing  in  the  exper- 
iments every  precaution  necessary  to  avoid  their  disturbing  effects,  duplicate  re-j 
suits  were  often  obtained  only  after  repeated  trials.    This  difficulty  of  obtain- 
ing concordant  results  was  particularly  noticeable  at  temperatures  at  which  more  } 
than  one  molecule  of  water  was  given  off,  for  instance  in  the  case  of  ammonium 
magnesium  arsenate  at  70*^  -  90°, 

The  following  table  includes  data  obtained  in  studying  the  decomposition  of 
amnonium  magnesium  sirsenate  prepared  in  the  usual  manner  and  foxand  by  anedysis  to 
"be  strictly  NH4MgAs04.6HaO. 
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Table 

I 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII  ; 

Tem- 
pera- 

iffeight 
Salt 

Loss  of 

Weight 

of 

Ratio 
of 

Total  Per  Cent  Loss 
of 

Fractional  Per 
Loss  of 

Nn3 

hOtll 

H3O+NH3 

NH3 

H2O 

H3O+NH3 

NH3 

naO 

40 

0,7752 

.0008 

.0002 

.0006 

4.0 

0.10 

.0.02 

,0.08 

.  0.10, 

0.02  . 

0.08; 

45 

1.0344 

.0030 

.0003 

.0027 

9.0 

0.29 

0.03 

0.26 

0.19 

0.01 

0.18! 

50 

0.2692 

.0042 

.0003 

.0039 

13.0 

1.56 

0.11 

1.45 

1.27 

0.08 

1.19 

56 

0.2875 

.0053 

.0005 

.0053 

10.6 

2.01 

0.17 

1.84 

0.45 

0.07 

0.38 

60 

0.6945 

.0264 

.0027 

.0237 

8.8 

3.80 

0.39 

3.41 

1.79 

0.22 

1.57 

65 

0.6482 

.0629 

.0063 

.0566 

8.9 

9,70 

0.97 

8.73 

5.90 

0.58 

5.32 

70 

0.8108 

.0828 

.0093 

.0735 

8.0 

10.21 

1.15 

9.06 

0.51 

0.18 

0.33 

75 

0.2698 

.0343 

.0039 

.0304 

7.8 

12.71 

1.34 

11.37 

2.50 

0,19 

2.31 

75 

0.2332 

.0379 

.0038 

,0341 

8.9 

16.35 

1.72 

14.63 

3,64 

0.38 

3.26 

80 

0.5166 

.1563 

.0164 

.1399 

8.5 

30.26 

3.18 

27.08 

13.91 

1.46 

12.45 

82 

0.2402 

.0832 

.0087 

.0745 

8.5 

34.64 

3.63 

31.01 

4.38 

0.45 

3.93 

85 

0.3164 

.1162 

.0122 

.1140 

8.5 

36.72 

3.86 

32.86 

2.08 

0.13 

1.95 

100 

0,3247 

.1212 

.0127 

.1085 

8.6 

37.31 

3.90 

33.41 

0.59 

0.04 

0,55 

no 

0.2920 

.1108 

.0116 

.0992 

8.6 

37.95 

3,97 

33.98 

0.64 

0.07 

0.57 

130 

0.0708 

.0288 

.0030 

.0258 

8.6 

40.68 

4.24 

36.44 

2.73 

0.27 

2.46 

150 

0.1156 

.0478 

.0050 

.0428 

8.5 

41.35 

4.32 

37.03 

0.67 

0,08 

0.59; 

170 

0.1478 

.0638 

.0072 

.0566 

8.0 

43.17 

4.86 

38.31 

1.82 

0,54 

1,28 

190 

0.2496 

.1106 

.0128 

.0978 

7.6 

44.32 

5.12 

39.20 

1.15 

0,28 

0.89 

SIO 

0.3641 

.1670 

.0196 

.1474 

7.5 

45.86 

5.40 

40.46 

1.54 

0.28 

1,26 

225 

0.6541 

.3035 

.0384 

.2651 

6.9 

46.40 

5.90 

40. 5C 

0.54 

0.50 

0,04 

Foot  Note. 

(h)  These  fractional  per  cents,  are  obtained  by  subtracting  adjactent  total  , 
per  cents.;  they  indicate  the  effect  of  the  increment  of  temperature. 
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IThen  NH4MgAs04.6H2  0  is  heated  it  may  sustain  any  of  the  following  losses  or 
their  intermediate  per  cents. 

Loss  of  Molecules  of  Per  Cents,  of  Loss 

NH3  5.88 

H3O  -  6,23 

2H2O  12.46 

SH2O  18.69 

4K2O  ■  24.92 

6H2O   31.15 

6H2O  37.37 

6  1/SH30-.     -40.49 

6  1/2  H2O  +  NH3  -  -   -46.37 

The  above  experimental  data  plotted  with  per  cents,  as  ordinates  and  degrees 
of  temperature  as  absissas,  give  from  columns  VIII,  IX,  and  VII  respectively  the 
curves  of  evolution  of  ammonia,  water,  and  both  ammonia  and  water. 
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It  will  be  observed  that: 

!♦  Both  water  and  amnonia  begin  to  be  given  off  at  40*^  and  are  completelj^ 
removed  at  225°. 

2.  Fully  one-half  of  all  of  the  araraonia  is  expelled  below  80°,  the  re- 
mainder, between  temperatures  85®  -  225"^. 

3.  About  the  same  ratios^      of  water  and  arajtionia  are  given  off  at  teraper-| 
atures  60°  -  210°^^^ 

4.  Water  is  gradually  given  off  below  65°. 

5.  Then  below  80°  the  remainder  of  four  molecules  of  water  is  given  o 

6.  The  next  two  molecules  are  given  off  at  temperatures  between  80°  -  15(S[, 

7.  The  last  one-half  molecule  of  water,  derived  from  the  araraoniura-oxy 
group  (NH4O-),  is  slowly  expelled  at  temperatures  150  -  225^;  at  the  last  of  these 
temperatures  raagnesii-om  pyroarsenate  is  formed. 

The  fact  that  two  molecules  of  water  are  given  off,  finally,  and  independently! 
of  each  other,  and  of  the  other  four  molecules  is  confirmed  by  the  following  exper-| 
iment.    The  salt  containing  the  six  molecules  of  water  was  heated  for  3  hours  on 
the  water-bath  in  closed  vessels  with  a  large  quantity  of  ordinary  alcohol.  After 
cooling,  washing  by  deoantation,  first  with  alcohol  then  with  ether,  and  finally 
drying  for  a  short  time  in  a  vacuum-desiccator,  it  was  found  as  is  shown  in  the 
following  analysis  that  dehydration  and  removal  of  ammonia  from  the  salt  had  re- 
sulted. 
Foot  Note. 

(i)  Between  60  -  150''  the  ratio  of  wei^t  of  water  to  ammonia  averages  8.5  :  1 
which  is  equal  to  a  molecular  ratio  of  8,0  :  1.  The  mass  ratio  of  water  to  ammonia 
in  NH4MeA804  is  6.9  ;  1.  In  determining  the  data  for  the  above  table,  wide  varia- 
tions from  the  ratio  of  8,5  ;  1  always  indicated  experimental  errora 

(j)  See  column  VI  above.    This  approximate  constancy  of  ratio  is  not  in  evi- 
dence with  other  salts  (see  NH4MgP04 . 6H3 0 )  except  at  high  temperatures. 

(k)  It  may  appear  from  the  curve  of  evolution  of  water  that  five  and  not  foxir 
molecules  of  water  are  expelled  simultaneously;  but  it  must  be  romemberied  that  each 
of  the  six  molecules  of  water  contributes  at  all  lower  temperatures  its  quota,  con- 
sequently at  the  decomposition-point  for  four  molecules,  a  surplus  derived  from  the 
jothcr  two  and  a  half  molecules  will  be  obtained.  The  alcohol-dehydrating  method  ee 
jtablishee  beyond  a  doubt  the  dissimilarity  of  four  molecules  of  water,  (water  of 
crystallization)  from  the  remainder  of  water  (water  of  composition) . 
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Per  Cent  Loss  I 
,3541  grams  substances  gave  ,2035  graras  MgaAsaO/  =s  25,59 
•41X1  grams  substanoes  gave  .3058  grams  UgaAseO?  ^  25, C3 

Average-  -  -  -  -  -  =  25,61 

Per  Cent  NH3 

.0?38  grams  substanoe  gave  ,0021  grams  NII3-  -  -  =  2.85 
.0524  grams  substance    gave  .0015  grams  NH3-  -  -  —  2.02 

Average-  —  =  2.08 

Now  the  total  loss  by  ignition  less  the  ammonia  is  equal  to  the  water;  25.61  - 
2.88  =3  22.74  per  cent.HaO.    Theory  2HMgA804.2HaO  =5  22.50  per  cent.  H3O.  Therefore, 
After  dehydrating  NH4MgAs04,6H3  0  by  means  of  ordinary  alcohol,  two  molecules  of 
water  remain,  so  they  must  be  different  from  the  other  four  moleoviles. 

This  difference  of  the  last  two  molecules  of  water  from  the  other  four  mole- 
cules evidently  must  involve  a  difference  of  struct^ore,  that  is  there  must  exist 
for  these  water  molecules  different  forms  of  union  in  the  parent-noleoule.    If  it 
is  tenable  that  such  differences  of  coherence  of  molecules  of  water  involves  dif- 
ferences of  structure,  then  conversely  it  may  be  held  that  mole qule s  si mul t ane ously 
expelled  involve  similarity  of  structures.    Now  sinoe  it  is  true,  as  was  shown 
above,  that  NEjMgAsO^.eHaO  possesses  two  molecules  of  water  differing  from  the 
other  four  and  from  one  another  -  it  is  interesting  to  see  what  structures  will  ao~ 
ooxmt  for  all  of  the  facts. 

In  the  first  place  there  can  be  little  doubt  that  water  of  crystallization  is 
held  in  definite  molecular  structures,  and  that  the  structural  formula  of  arsenic 
acid  is: 

(H  -  0  -)3  B  As  =  0 

and  that  its  ammonium  magnesim  salt  is: 

Ug^     ^As  =  0 

\0/  I 
0  -  NH4 


i 
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and  its  salt  containing  one  molecule  of  water  (water  of  composition)  is: 

Mg^    M3  =  (0H)a 
0  -  NH4 

This  last  structure  acoowts  for  the  fact  that  one  molecule  of  water  is  given  off 
finally  and  with  more  difficulty  than  the  other  five  molecules  of  water.    The  fact 
that  the  last  two  molecules  of  water  differ  from  the  other  four  molecules  and  dif- 
fer from  each  other  may  be  acooxonted  for  "by  the  following  structure: 

H-0-Ms-0-As=  (0H)3 
0  -  NH4 

from  which  on  heating  one  molecule  of  water  would  certainly  be  more  easily  expelled 
than  the  other^^\  Now  since  there  are  four  hydroxides  in  this  structure,  they  can 
offer  similar  points  of  attachment  for  four  molecules  of  water  (of  crystallization) 
as  may  be  seen  individually  in  the  structure: 

H  -  0  -  H 

•  * 

-  0  -  H 

and  completely  in  the  structure: 

HOH 

H  -  0  -  Mg  -  0  -  As  =  (  -  0  H)3 
HOK  0  NH4 

This  molecular  aggregate  could  split  off  four  molecules  of  water  at  or  near 
the  same  temperature;  at  a  higher  temperature,  one  other  molecule  of  water;  and 
finally  and  with  difficulty  the  last  molecule  (and  a  half)  of  water. 


Poot  Note. 

(1)  Though  no  data  of  the  relative  stabilities  of  H3ASO4  and  Mg(0H)2  toward 
heat  are  available,  it  may  be  inferred,  since  the  former  shows  greater  tendency 
than  the  latter  to  add  water,  that  the  hydroxide  attached  to  magnesium  is  more 
easily  expelled  than  the  hydroxides  attached  to  arsenic.    However,  this  point  at 
this  time  is  not  so  important  as  the  establishment  ©f  the  structure  H  -  0  -  Mg  -  0 
-As.    It  seems  reasonable  to-.hold  that  the  above  condition  of  magnesitim  is  more 
probable  than  as  shown  in  Mg^^^As.    At  any  rate  the  above  structure,  affords  the 
necessary  n\amber  of  points  of  attachment  for  all  of  the  water  of  crystallization 
land  accounts  for  the  constitution  of  hydrated  aranoniura  magnesium  arsenate  and  other 
salts. 
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so 

It  may  be  held  that  the  molecule  of  water  at!;aohed  to  the  oxygen  in 

H  -  0  -  Ug 

differs  from  the  three  attached  to  the  oxygen  in 

-  As  -  0  -  H 

and  consequently  could  involve  a  difference  in  coherence  in  the  parent  molecule. 
That  this  molecule  actually  differs  is  shown  by  the  following  data: 


Vapor-Tensions  of  Ammonium  Magnesium  Arsenate 


i  A  Q  O 

T 

X 

IT 

Temperature  - 

Pressure 

Temperature  - 

Pressure 

31.5 

3.0 

27 

0.8 

32.0 

4.3 

29 

1.2 

33.0 

5.3 

32 

2.5 

35.4 

7.5 

34 

4.4 

40,5 

8.2 

36 

6.3 

42.0 

9.4 

37 

7.0 

44.0 

10.7 

38 

7.6 

49.0 

14.6 

39 

7.6 

54.0 

18.0 

40 

7.7 

55.0 

20.2 

41 

8.3 

43 

9.7 

45 

11.7 

47 

13.8 

49 

15.9 

50 

17.3 

It  is  observed  (see  Plate  VI)  that  one  molecule  of  water  is  dissociated  below 
35°,  hence  all  of  the  facts  are  in  liarmony  with  tlie  above  structure. 

It  may  be  contended  that  ammonia  does  not  cohere  in  the  manner  indicated  by 
the  structure  -  0  -  NH4  but  rather  in  the  manner  shown  in  the  structure  -  ^0^  -  H. 

Ms 

Either  mode  of  union  is  in  liarmony  with  the  main  structure  of  ammonim  magnesium 
arsenate  as  shown  above,  but  the  latter  of  these  two  perhaps  more  readily  accounts 
for  the  ease  with  which  ammonia  is  expelled  at  moderate  temperatures  simultaneously 
with  the  water  of  crystallization.    However,  it  does  not  explain  the  fact  that  the 
last  portions  of  ammonia  are  expelled  with  difficulty  and  long  after  all  of  the 
"water  of  crystallization**  has  retired;  nor  does  it  explain  the  fact  that  different 
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ealtQ  containing  the  same  mass  of  orjietal -water  nanifeet  varied  degrees  of  coher- 
ence for  aiamonia.    These  conditions  can  be  explained  only  on  the  basis  of  composi- 
tion of  the  remainder  of  the  corapoiind,  that  is,  the  constituent  atoms  of  the  diffeij' 


ent  compounds  possess,  either  individually  or  collectively,  varied  affinities  for 
the  ammonia  group  and  for  some  of  the  water  molecules  (water  of  composition).  This 
is  clearly  shown  in  the  following  studies,  wherein  (1)  the  magnesium  atom  of 
NH4MgAs04.6H3  0  is  substituted  by  calcium  and  other  metals  and  (2)  the  arsenic  atom 
is  substituted  by  phosphorus  and  other  atoms. 

Ammonium  Calcium  Arsenate. 

The  next  salt  studied  was  NH4CaAs0.6H3  0  which  was  prepared  as  follows  accord- 
ing to  the  suggestion  of  T/ach^^*^^.    Triamraonium  arsenate  (1  part)  and  ammonium  chlo- 
ride (1  part)  were  dissolved  in  a  little  water  and  the  resulting  solution  was  treat] 
ed  slowly  with  lime  water  as  long  as  a  precipitate  formed;  the  precipitate  consist- 
ed of  glistening  white  crystals;  after  filtering,  washing  with  alcohol,  then  with 
ether,  and  finally  drying  on  filter  paper,  they  were  obtained  free  from  traces  of 
chlorine.    Analysis  of  the  salt  gave  the  following  data: 

.3845  grams  substance  yielded  ,0827  grams  OaO  =:  18.20  per  cent.  Ca 
.7757  grams  substance  yielded  .0471  grams  NH3  =5.61  per  cent.  NH4 
.1464  grams  substance  lost       .0636  grfuns  at  190°  =  43,46  per  oent..NH3-rfl3(!l 
.8244  grams  substance  lost       .3616  grams  at  200°  =  43.75  per  oent.NHs-rilad 


ASO4 
Ca 

6Ha0 

NH3  +  6  1/2  H2O 


Theory 

Found 

laoh^^O) 

Bloxam 

37.70 

35.83 

34,92 

18.36 

18.20 

17.52 

17.29 

5.00 

5.81 

5,37 

5.28 

38.04 

41.15 

43.93 

43.76 

(21) 


Evidently  the  crystals  were  a  purer  form  of  NH4CaA804.6H30  than  prepared  by  Wach  or 
by  Bloxam.    They  weathered  rapidly;  when  exposed  to  air  (25^  -  35^)  for  four  hours 


they  lost  2-20  per  cent,  in  weight. 

In  the  following  table  the  time  of  decompoeition  in  each  case  was  four  hours: 


Table  II 


T 
X 

T  T 

III 

IV 

V 

VI 

VII 

VIII 

IX 

Tem- 
pera- 

Teight 
Salt 

Loss  of  ¥eight 

of 

Ratio 
of 

Total 

Per  Cent. 

of 

Loss 

ture 

HaO+NHs 

Both 

H2O+NH3 

NH3 

HaO 

28 

0.2093 

.0050 

2.40 

40 

0.1854 

.0202 

.0006 

.0196 

32.7 

10.90 

0.33 

10.57 

41 

0.1482 

.0202 

.0017 

.0185 

11.0 

13.63 

1.12 

12.51 

44 

0.1722 

.0396 

.0032 

.0364 

11.4 

23.00 

1.91 

21.09 

45 

0.1642 

.0602 

.0056 

.0547 

10.0 

36.66 

3.32 

33.34 

59 

0.1920 

.0690 

.0057 

.0633 

11.1 

35.94 

2.97 

32.97 

59 

0.1546 

.0562 

.0044 

.0318 

11.8 

36.35 

2.84 

33.51 

70 

0.1240 

.0446 

.0035 

.0411 

11,7 

35.97 

2.82 

33.15 

80 

0.1798 

.0686 

.0054 

.0652 

12.1 

38.15 

3.00 

35.15 

00 

0.1406 

.0564 

.0047 

.0517 

11.0 

40.11 

3.34 

36.77 

100 

0.1448 

.0590 

.0051 

.0552 

10.8 

40.85 

3.50 

37.30 

104 

0.1310 

.0540 

.0044 

.0496 

11.3 

41.22 

3.37 

37.85 

110 

0.1074 

.0440 

.0040 

.0400 

10.0 

40.97 

3.72 

37.25 

130 

0.1516 

.0032 

.0059 

.0573 

9.5 

41.79 

3.90 

37.89 

150 

0.1448 

.0620 

.0056 

.0564 

10.0 

42.82 

8.86 

38.96 

170 

0.1713 

.0740 

.0067 

.0673 

10.0 

43.20 

3.94 

39.26 

190 

0.1394 

.0612 

.0060 

.  0552 

8.0 

43.90 

4.29 

39.61 

200 

0.8244 

.3616 

43.75 

Red 

heat 

Red 

0.4172 
0.3154 

.2048 
.1536 

49.09 
48.70 
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When  }IH4CaAa04,6H2  0  ia  heated^™^  it  may  sustain  any  of  the  following  losses  or 
their  intermediate  per  cents. 

Loss  of  Molecules  of  Per  Cents,  of  Loss 

NH3  5.57 

HgO  -  5.90 

2H3O  --11.80 

3H3O  17.70 

4HaO  23.60 

5H3O  29.50 

6HaO  35.40 

6l/2HaO    -38.36 

6  1/2  H3O  +  NH3  43.93 

The  above  data  plotted  in  the  manner  of  Table  I  gives  the  following  curves. 


Foot  Note. 

(m)  The  same  misinterpretation  of  data  mentioned  in  connection  with  ammonium 
magnesium  arsenate  is  observed  with  the  calcium  salt.    Bloxara^^^'  standing 
36  days  in  the  air  it  loses  all  but  one  molecule  of  water;  Lefevre^^^^  says  drying 
at  100°  removes  all  but  one -half  a  molecule  of  water;  Field' says  it  becomes 
anhydrous  at  140°;  Kotschubey' '  says  it  retains  one  molec\ile  at  125°;  and 
Bloxam'^^'  asDigns  formulas  ( AsO^ )Ca3NH4H2.3H20  and  ( ASO4 )eCaeNH4HB.3HaO  to  the 
products  of  drying  in  vacuo  over  sulphuric  acid  and  drying  at  100*^  respectively. 
Failure  to  recognize  the  fact  that  the  sedt  begins  to  decompose  at  ordinary  temper* 
ature,  and  loses  both  amnonia  and  water  at  higher  temperatures  accounts  for  these 
inconsistencies. 

I   


1 


i 

t 


i 


1 


I 
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It  will  be  observed  that: 

1,  Both  water  and  ammonia  are  given  off  more  easily  from  the  calcitan  salt 
than  from  the  corresponding  raagnesiun  salt. 

2,  The  points  of  greatest  decomposition  is  40°  -  50°  with  the  calcium 
salt  instead  of  70°  -  80°  as  with  the  magnesium  salt. 

3,  The  temperature  at  which  all  ammonia  and  water  are  removed  is  225^ 
with  both  salts. 

4,  The  calcium  salt  like  the  magnesium  salt  first  liberates  one  molecule 
of  water;  then  simultaneously  three  molecules;  then  one  molecule;  then,  another; 
and  finally,  the  one-half  molecule  derived  from  the  aramonitun-oxy  group. 

Confirmation  of  the  fact  that  the  last  two  molecules  of  water  differ  from  the 
other  four  is  secured  here  as  with  the  magnesium  salt  by  studying  the  alcohol- 
dehydration  products.    The  oalci\im  salt  was  treated  twice  with  alcohol  in  the  same 
manner  as  with  the  magnesium  salt;  it  then  gave  the  following  analytical  data: 

.5274  grams  substance  yielded  .3600  grams  MggAsaOr 

.5279  grams  substance  yielded  .3670  grams  Mg2A830r 

.3274  grams  substemoe  yielded  ,0105  grams  NH3 

Theory  Found 

HCaAs04.2Ha0  NK4CaAs04.2H30  I  II 

As  34.72  32.18  33.64  33.03 

NH3  0.00  7.32  3.20 

Evidently  the  salt  lost  part  of  its  ammonia  and  contained  just  two  molecules  of 
water.    All  of  the  evidence,  therefore,  seems  to  favor  a  structural  formula  that 
is  perfectly  analogous  to  that  of  NH4MgAs04.6H2  0,  viz: 

H  -  0  -  H 
H  -  0  -  Ca  -  0  -  As  5  (  -  0  -  H)3 

*  » 

H  -  0  -  H  0    -  NH4 


other  Alkali-Earth  Salts. 
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By  treating  solutions  of  triamraonium  arsenate  (1  part)  and  aimonium  chloride 
(1  part)  with  solutions  of  strontium  hydroxide  and  barivun  hydroxide  respectively, 
in  exactly  the  same  manner  as  with  oalciiara  hydroxide,  it  might  be  expected  that  the 
analogous  compounds  NH4SrAs04.6H2  0  and  NEjBaAsO^.eHaO  would  be  formed;  the  precipi- 
tates resulting  were  found,  however,  to  contain  no  ammonia  and  only  one  molecule  of 
water.  An  explanation  of  this  is  conceivable  when  it  is  recalled  that  the  terapera- 
tvires  of  maximum  decomposition  for  the  magnesium  salt  is  70®  -  80°;  for  the  calcium 
salt,  40'^  -  50°;  and  \andoubtedly  for  the  strontium  and  barium  salts,  below  the  tem- 
perature of  formation  (room  temperature  25*^  -  30°). 

The  strontium  salt  prepared  in  the  manner  stated  was  light  and  fleecy  while  in 
suspension  and  powdery  when  dry.  By  dissolving  it  in  hydrochloric  acid,  adding  am- 
monia to  incipient  precipitation,  filtering  and  letting  stand,  the  solution  yielded 
beautiful,  small,  transparent  crystals. 


1.0.350  grams  powder  heated  at  350°  lost  .1170  grams 


0.8820  grams  crystals  heated  at  225 


°  lost  .0965  grams 


Theory 


Found 


HSrAsO^.HaO 


I 


II 


1  1/2  HaO 


11.00 


11.29 


10.94 


The  barium  salt  prepared  as  above  yielded  small,  pearly  crystals. 


,6660  grams  substance  yielded  .5257  grams  BaS04 


.4365  grams  substance  heated  at  225°  lost  ,0375  grams  HgO 


Theory 


Found 


HBaAs04.HaO 


6a 

1  1/2  H2O 


46,44 
8.59 


46.41 
8.60 
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The  strontiian  salt  of  the  above  composition  has  not  been  prepared  hetherto,but  I 
undoubtedly  its  more  or  less  dehydrated  form  was  described  by  Sedkowski^ ^"'^ \ Joly^ ^f^ 
Httman^^^\  Lefevre^^^^  and  Schiefer^^^^    The  barium  salt  is  described;  Berzelius 
and  Mitscherlich  held  that  it  contains  one-half  molecule  of  water,  the  others^  ' 
agree  that  it  contains  one  molecule  of  water. 

These  salts  were  heated  in  open  crucibles  in  air-baths  and  yielded  the  follow- 


comparative  data. 

Table  III. 

HSrAs04.HaO 

1 

HBaAs04.H30 

Tem- 

Loss 

Per  cent  Per  cent 

LOSB 

Tem-  !• 

pera-  Hours    Weight  Loss 

Per 

of  Total  of  Total 

Per 

Loss  height 

Hours  pera4 

turo 

Cent 

HaO  H3O 

Cent 

ture 

450 

4 

0.1152 

.0026 

2,25 

20.45 

0.85 

0.07 

.0008 

1.0914 

1 

60'' 

75^ 

1  1/2 

1.3024 

.0621 

6.02 

54.72 

3.61 

0.31 

.0060 

1.6078 

1 

115^ 

125^ 

1 

1.4923 

.1085 

7.27 

66.10 

29.57 

2.54 

,0311 

1.2347 

1 

135° 

150° 

1 

1.5335 

.1151 

7.66 

68.72 

71.59 

6.15 

.0804 

1.3067 

1 

150® 

210 

1  1/2 

0,8612 

.0882 

10.24 

93.09 

71.36 

6.13 

.0986 

1.6078 

1 

190® 

225 

1 

0.8496 

.0938 

11.04 

100.40 

95.34 

8.19 

.0966 

1.1790  1 

1/3 

210 

350 

1 

1.0350 

,1170 

11.29 

109,63 

99.88 

8.58 

.0643 

0.7496 

1 

225 

Red 

1/5 

1.0350 

.1470 

14.28 

(n) 
129.82 

123 . Ob' 

10.67 

.1246 

1.1790 

1/5 

Red 

Heat 

Heat 

Foot  Note. 

(n)  When  ammonium  calcium  arsenate  and  these  two  salts  are  heated  to  tempera- 
tures higher  than  225°,  say  by  igniting  to  a  red  heat,  there  results  to  some  extent 
the  following  reactions: 

3M2AS2O7  =  2M3(As04)a  -r  AsgOs 
AsaOs  =  AS2O3  -t-  O2 

Evidences  for  these  reactions  are  as  follows:  first,  the  residue,  easily  solu- 
ble in  hydrochloric  acid,  shows  the  presence  of  arsenate  but  no  arsenite;  secondly, 
a  sublimate,  obtained  on  heating  in  tubes,  vields  tests  for  bjth  oxides.  This  loss 
with  the  calcium  salt  was  mentioned  by  Waoh''^-'^',  and  Lefevre^*^'^^,  the  second  reac- 
|tion  is  described  by  Kopp(35),  the  stability  of  Ca3(AB04)3  toward  heat  is  confirmed 
by  Simon^^'^''. 


When  these  salts  are  heated  they  suffer  the  following  or  intermediate  loses: 

HSrAs04.HaO  HBaAsO^.HaO 

HaO  7.33  5.73 

1  1/2  HaO  11.00  8.59 

and  yield  the  corresponding  pyroarsenates.    It  will  be  observed  in  the  above  table 
that: 

1,  The  strontium  salt  gradually  loses  its  molecule  of  vater  (water  of 
crystallization)  below  125°;  the  barium  salt  loses  its  molecule  of  water  below  150* 

2.  Both  salts,  like  the  magnesium  and  calciizm  salts  studied,  lose  all 
water  at  225°. 

The  fact  that  the  arsenic  atom  has  no  affinity  above  225°  for  the  last  hydrox-| 
ide  in  these  four  salts  studied  shov/s  that  there  must  exist  in  them  the  same  struct 
ure  -  As  -  0  -  H.    Furthermore  since  these  four  salts  exhibit  little  difference  in 
the  ease  of  dissociating  the  last  molecule  of  water,  differences  that  can  be  attrib 
uted   to  variation  of  size  of  salt  crystals  used,  etc.,  it  is  tenable  that  the  last 
molecule  of  water  is  held  as  shown  in  the  structure  =3  As  s  (0H)3.  consequently  the 
above-mentioned  strontium  and  barium  salts  must  possess  the  following  structural 
formulas: 

0        ^OH  0  OH 

Sr^    ^As-OH  Ba^  ^As-OH 

\0H  ^(T  \0H 

Furthermore  it  may  be  gathered  from  the  above  experiments  that  when  hydrated 
ammoniiim  salts,  or  hydrated  salts  containing  no  ammonia  begin  to  decompose  frac- 
tions from  each  molecule  of  water  (and  of  the  amu^aonia)  are  given  off  at  all  ter^er-^ 


atures  lower  than  the  ones  at  which  individually  they  are  completely  dissociated; 
therefore,  for  instance  in  NH4MgAs04.6H2  0,  from  which  1  raol.  NH3,  1  mol.  HgO,  4 
mols.  HgO,  1  mol.  H3O,  and  1  raol,  H3O  are  separately  dissociated,  all  of  the  highej- 


dissociations  are  taking  place  fractionally  and  simultaneously  when  any  of  the 
lower  dissociations  are  taking  place  partially  or  completely,  hence  within  the 
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range  of  teraparaturee  of  dissociation  no  definite  formula  oan_  "be  assigned  to  the 
residues. 


Salts  of  Phosphorio  Acid. 

It  was  shown  above  that  substitution  of  alkali-earths  elenents  in 
NH4MgAs04.eH2  0  produced  complexes  more  easily  decomposed  than  the  raagnesivan  salt; 
it  now  remains  to  show  the  effect  of  substitution  of  phosphorus  for  arsenic  in 
Nll4MgAs04.6H2C.    It  was  found  as  a  natter  of  fact  that  this  salt, though  more  stable 
than  the  arsenic  salts,  decomposes  in  the  sane  manner  and  consequently  must  possess' 
a  similar  stractural  formula: 

H  -  0  -  H 
H-0-Mg-P  =  (  -  0-  H)3 
K  -  0  -  H       0  -  NH4 
The  samples  of  NH4MgP04 . 6H2 0  used  were  found  by  ignition  to  be  absolutely  purej 
and  in  the  following  experinents  were  heated  for  4  hours,  except  fractions  indicat- 
ed by  tenperatures  148°  -  205°  which  were  heated  for  7  hours  each. 


Table  IV 


Tem- 
pera- 
ture 

height 
Salt 

Loss  of 

V/eight 

of 

Ratio 

of 
Both 

Total 

Per  Cent. 

of 

Loss 

HjjO 

40 

.5810 

.0000 

.0000 

.0000 

00.0 

00,00 

00,00 

00.00 

45 

.9808 

.0060 

.0005 

.0055 

11.0 

0.61 

0,05 

0.56 

50 

.4926 

.0120 

.0009 

.0111 

12.3 

2.44 

0,18 

2.26 

00 

•  O  J.A<7 

,  \Ji.\JO 

01  OP 

17  0 

3 .26 

0,19 

3.07 

60 

,5400 

.  0193 

.  0016 

.0177 

11.1 

3.57 

0.30 

3.27 

4QP1 

0247 

,  0020 

.  0227 

11.3 

5.02 

0.41 

4.61 

70 

,  ( t  1  o 

■  UUftc 

y  •  i. 

w  .  OD 

76 

,ol40 

1  n 

.1763 

,  0030 

,1463 

48. 8 

34.30 

0,59 

33 , 71 

80 

,6504 

.  2341 

,  0040 

,2301 

57.5 

36, 00 

O.Gl 

35. 39 

95 

,2254 

,0822 

.0016 

.  0806 

50.4 

36,47 

0. 71 

35.76 

110 

.4260 

.1557 

.0032 

,1525 

47.9 

36.55 

0.75 

35.80 

127 

,1674 

.  0624 

.0013 

.0611 

47.0 

37.28 

0.77 

36.51 

135 

X  V  t/ 

04fi7 

't  (  ,  i 

o«7  .  UO 

\J  .  ou 

148 

.1620 

.0664 

.0021 

.0643 

30.5 

40.98 

1.30 

40.68 

155 

.1126 

,0514 

.0040 

.0474 

11,8 

45.65 

3.55 

42.10 

165 

,  0926 

,  0436 

.  0041 

.  0395 

9.6 

47,08 

4.42 

42.66 

176 

.0900 

.0436 

.0043 

.0393 

9.1 

48.45 

4.77 

43.68 

186 

.0680 

.0336 

,0033 

,0303 

9,2 

49.41 

4.85 

44.56 

195 

.0526 

,0260 

.  0026 

.  0234 

9,0 

49.50 

4.94 

44.56 

200 

.1251 

,0624 

.0065 

.  0559 

8.6 

49.88 

5,19 

44.69 

205 

.1387 

,0702 

.0073 

.0629 

8.6 

50,61 

5.26 

45.35 

225 

.4734 

,2343 

— 

— 

— 

50,53 

— 

— 

230 

.9374 

.4726 

— 

— 

— 

50.52 

— 

— 

240 

.9374 

,4818 

— 

— 

— 

51,39 

— 

— 

295 

.9374 

.4950 

52,50 

310 

.6631 

.3494 

52,70 

340 

.6631 

.3514 

53,00 
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When  heated,  NH4MgP04.GHaO  may  sustain  any  of  the  following  molecular  losses 
their  intermediate  per  cents.: 

Loss  of  Molecules  of  Per  Cents,  of  Loss 

NH3  6.93 

H3O  7.34 

2HaO  14.70 

3H2O  -22.04 

4H3O  29.39 

5HaO  36.74 

6HaO-  -  44.08 

6l/2H30--~--  47.34 

6  1/2  H3O  +  NH3  -  -  '  '  54.70 


t 


Si 


c 

X 


32 


.1' 
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It  is  seen  on  comparing  Plates  II  and  IV  that: 

1.  Both  eunnonium  nagnesiura  arsenate  and  aimnoniura  raasnesiiua  phosphate  sus^ 
tain  inaxinnara  decompositions  between  70°  and  80°. 

2.  The  former  begins  to  decOiUpose  below  40°;  the  latter,  at  45°. 

3.  The  former  is  completely  decomposed  at  225°;  the  latter  is  not  com- 
pletely decomposed  at  360°. 

4.  Half  of  the  ammonia  of  the  former  is  liberated  below  80°;  half  of  the 
ammonia  of  the  latter  is  liberated  below  153°. 

5.  '?ith  both  salts  first  one  molecule  of  water  is  liberated;  then  simul- 
taneously, three  molecules;    then  one  molecule;    again,  one  molecule;  and  finally 
the  last  one-half  molecule^ °^. 

When  NH4MgP04.CH30  was  heated  with  alcohol  in  the  manner  that  the  correspond- 
ing arsenic  salt  was,  a  similar  dehydration  and  removal  of  ammonia  was  incurred. 
After  a  sample  was  heated  for  three  hours  it  gave  the  following  analytical  data: 
.4522  grams  lost  by  ignition  .1460  grams  =  32,20  per  cent. 
.4057  grams  lost  by  ignition  ,1230  grams  =  32,04  per  cent. 

Average  -  -=32,16  per  cent. 
.1351  grams  yielded  .0026  gram  NH3  =:    1,50  per  cent. 

Therefore  HaO  =  32.16  -  1.59  =30,57  per  cent. 

Another  sample  was  heated  for  2  hours  with  alcohol  and  the  treatment  with  al- 
cohol was  repeated;  the  salt  then  gave  the  following  analytical  data: 
,4539  grams  lost  by  ignition  .3180  grams  =  29.74  per  cent, 
.4002  grams  lost  by  ignition  ,2811  grams  =  29.79  per  cent. 

Average  -  -=  29.76  per  cent. 

Foot  Note, 

(0)  Here  as  with  the  corresponding  arsenic  salt,  five  molecules  of  water  are 
apparently  given  off  simultaneously;  the  explanation  here  is  the  same  as  there. The 
curve  here  shows  a  liberation  of  one  molecule  of  water  below  67*^.    This  harmonizes 
with  the  above  formula  wherein  the  molecule  of  water  attached  to  H  -  0  -  Mg  -  0 
differs  from  the  other  three  molecules  of  "water  of  crystallization**. 


jj 

u 

,0676  grams  yielded  .0006  grams  NH3  =  0,89  per  cent. 
,1801  grams  yielded  ,0011  grams  NH3  =  0,95  jper  cent. 

Average  =0.92  per  cent. 
Therefore  Ha 0  =  29,76  -  0.92   =  28,84  per  cent. 
Theory  of  HgO  in  HMgPO^.SHaO    =28,84  per  cent. 
Therefore,  upon  heating  ammonium  magnesium  phosphate  with  alcohol  the  follow- 
ing reaction  takes  place: 

NlUMgP04,6HaO  =  HMgP04.2H20  -t-  4H2O  +  NH3 

Miorocosraio  Salt. 

This  salt  yielded  comparative  data  with  greater  difficulty  than  any  other 
salt  studied.    The  cause  of  this  was  ultimately  found  to  be  owing  to  variations  in 
size  of  crystals  used.    After  pulverizing  and  passing  them  through  the  sieve  littlo 
difficulty  was  encountered. 


Table  V 
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T 
1 

TT 

11 

TTT 
111 

IV 

V 

VT 
V  X 

VTT 

V  X  J.  X 

Y 

Tem- 
pera- 

Tine 

T/eight 
of 

Loss  of  7/eieht 

of 

Ratio 
of 

Total 

Per  Cent, 
of 

Loss 

ture 

Salt 

HsO-t-NHs 

NH3 

HgO 

Both 

H2O+NH3 

NH3 
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4U 

A 
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no 
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A   1  A 

R  AR 

00 
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If.  o<s 

A  9ft 
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dU 

A 

U  •  4  o4  O 
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THien  microcosraio  salt  decoraposeB  it  may  sustain  any  of  the  following  or  inter- 
mediate loses: 

Loss  of  Molecules  of  Per  Cents,  of  Loss 

NH3  8.13 

H3O  8.61 

2H3O  ■   -17.22 

3HaO-  -  ^  -2§.83 

4H2O   ■  34.45 

5H2O  43.05 

4H2O  +  NHs'  -42.58 

5H2O  +  NH3-  -  -  •  51.20 


u 
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It  is  observed  that: 

1.  Three  molecules  of  water  are  expelled  siraultaneously  below  62°. 

2.  The  fourth  molecule  of  water  is  expelled  below  160? 

3.  The  last  molecule  of  water  here  as  with  ammonium  magnesium  phosphate 
is  not  completely  removed  at  360^, 

4.  The  ammonium  molecule  is  expelled  in  nearly  the  same  manner  as  with 
ammonium  magnesium  phosphate. 

All  of  the  facts  seam  to  support  the  following  structural  formula  for  micro- 
cosmic  salt : 

KOH 

Na  -  0  :  : 

P  =  (0H)3 

NH4-  0 

which  upon  being  heated  liberates  first  the  three  molecules  of  water  held  by  tetra- 
valent  oxygen;  then  the  molecule  derived  from  two  hydroxide  groups;  and  finally  the 
molecule  of  water  derived  from  the  amr.onium-oxy  and  the  remaining  hydroxyl  group. 

Further  evidence  that  microcosmic  salt  contains  three  molecules  of  water  that 
are  similar  in  the  ease  of  dissociating,  and  consequently  that  it  possesses  similar 
stractwal  attachments,  is  derived  by  the  alcohol-dehydration  method.    After  heat- 
ing twice  with  alcohol  for  one  hour,  the  residue  contained  9.60  per  cent,  ammonia 
and  yielded,  by  ignition,  a  loss  at  45.70  per  cent,,  or  only  a  loss  of  a  fraction 
of  one  molecule  of  water  had  been  sustained. 

Vapor  Tensions  Determinations. 

When  the  tensions  of  ammonium  magnesium  arsenate  are  carefully  determined  a 
distinct  break  in  its  curve  (vide  Plate  VI)  is  noticeable  below  35*^,  indicating  the 
liberation  of  one  molecule  of  water  at  this  temperature.    The  following  data  repre- 
sents two  different  determinations: 
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Series  I 


Teinperature 

-  Pressure 

Temperature  - 

Pressure 

Temperature 

-  Pressure 

27 

0.61 

37 

6.96 

45 

11.70 

28 

0.92 

38 

7.62 

46 

13.08 

29 

1.23 

39 

7.65 

47 

13.80 

32 

2.48 

40 

7.67 

48 

14.50 

34 

4.36 

41 

9.01 

49 

15.90 

35 

5.65 

43 

9.70 

50 

17.80 

36 

6.30 

44 

10.40 

51 

19.40 

Series 

II 

Temperature 

-  Prfjssure 

Temperature  - 

Pressure 

Temperature 

-  Pressure 

31.5 

3.00 

35.5 

7.50 

44 

10.6 

32.0 

4 . 25 

40.5 

8.00 

49 

14.5 

33.0 

5.50 

42.0 

9.30 

54 

18.0 

When  this  salt  is  heated  rapidly  to  temperatures  below  98°,  other  conditions  reraainr 
ing  the  same,  the  phenomenon  of  ♦♦suspended  transformation"  becomes  manifest,  as  is 
shown  in  Plate  VI  and  the  following  data: 


Siispended  Transformation 

Temperature  -  Pressure  Temperature  -  Pressure  Temperature  -  Pressure 

30.0           10.70  86  120.5  90  186 

71.2  89.02  86.9  136.8  90.5  204 
78,0  65.26  88  150  91  225 
79.0           73.92  89  167  98  670 

80.3  81.83  89.4  177  98.7  776 
83.8  101.75 


Non-euapended  Transformation 
Temperature  -  Pressure  Temperature  -  Pressure  Temperature  -  Pressure 


45.5 

1.39 

72 

63.6 

88 

364.5 

47.0 

6.34 

78 

148.7 

89 

404.8 

50.2 

7.11 

79 

169.0 

89,4 

417.0 

55.2 

9.38 

80.3 

194.0 

90 

424.0 

60. C 
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81,4 

219.8 

91 

482.0 

64.0 

21.78 

83.8 

247.3 

92 

559.0 

70.5 

45.27 

86 

291.0 

98 

745.1 

71.2 

53.54 

87 

331.5 
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Though  the  general  forms  of  these  two  curves  are  similar,  it  is  observed 
(1)  that  the  normal  pressures  are  not  exerted  when  the  salt  is  heated  at  once  to 
70°  and  (2)  that  this  condition  of  suspended  transformation  is  lost  at  S9°.  Evi- 
dently the  cause  of  this  condition  is  the  formation  of  a  superficial  impervious 
layer  of  dehydrated  substance  that  protects  the  inner  portions  from  immediate  de- 
composition. 

The  tensions  of  the  other  curves  are  given  in  the  following  tables: 


Temiserature  -  Pressure 


Ammonium  Calcium  Arsenate^?) 
Temperature  -  Pressure 


TemperatTire  -  Pressure 


31,5 
34.0 
39,4 
40.0 
43.5 


25.6 
29.5 
40.8 
45.3 
50.5 


44.0 
46.5 

50,0 
55.0 
60.8 


55.3 
61.2 
73.6 
93.6 
124.5 


62.7 
65.1 
67.4 
70.2 
70.8 


136,9 
161.3 
188.3 
222.7 
246.3 


Ten-oerature  -  Pressure 


Ammonium  Magnesium  Phosphate 


Temperature  -  Pressure 


(  P) 


Temperature  -  Pressure 


28.0 
31.5 
34.0 
39.4 


10.36 
10,79 
11,57 
12.43 


40.0 
42.5 
44.0 
46,5 


12.82 
13.26 
14,06 
15.27 


50.0 
55.0 
58.5 


16.54 
17.92 
20.02 


Foot  Note. 

(p)  These  tensions  were  determined  in  Delin's  tensimeter  and  represent  only 
approximate  values. 


Vapor  Tension^ 

Temperature     HNnNH4P04.4H20     KH4MgAs04.CH80     NH4M6P04.6HaO     NH4CaAB04.CH2  0 
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246.5 

64.5 

85.0 

85.0 

176.5 

390.0 

68.7 

113.0 

125.0 

215.0 

407.0 

70,8 

134.0 

137.5 

230.0 

71.2 

148.3 

154.0 

240.6 

75.0 

170.0 

212.0 

273.0 

78.0 

201.0 

267.0 

330.2 

82.5 

252.5 

405. C 

418.0 

Foot  Note 

(q)  These  tensions  were  determined  in  the  BremerrFrowein  form  of  teneimeter 
(Zeitschrift  ftlr  physikalieche  Chemie  1^,  5;  1_7,  62). 
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Further  studies  by  the  methods  herein  expressed  are  being  made;  at  present 
one  may  safely  draw  the  following: 

Oonolusions. 

1,  Hydrated  aiumoniuin  salts  \ipon  being  partially  or  largely  dehydrated 
yield  products  of  indefinite  composition,  for  the  reason  that 

2.  These  salts  at  elevated  temperatures  undergo  primary  or  secondary  de- 
ooapositions  of  all  of  the  different  dissociating  molecules  of  water  and  airmonia, 
consequently 

3.  Drying  on  the  water -bath  or  "drying  to  constant  weight"  cannot  yield 
homogeneous  products,  and  therefore, 

4.  Many  of  the  empirical  formulas  of  such  compounds  given  in  the  litera- 
ture are  necessarily  incorrect. 

5,  The  affinity  and  manner  of  union  of  water  of  composition  do  not  differ 
largely  from  the  affinity  and  manner  of  union  of  ammonia, 

6,  Water  of  crystallization,  conforming  to  the  law  of  definite  propor- 
tions, must  be  held  in  definite  molor  structures,  through  the  agency  of  valency,  as 
in  other  corcpoimds, 

7,  Tetravalent  oxygen,  necesBary  to  express  these  structuree,  ic  loosened, 
at  temperatures  above  108®,  therefore  ealte  usually  expell  water  of  crystallization 
below  this  temperature  and  water  of  composition  above  this  temperatiire. 

8.  Finding  dissimilar  molecules  of  water  in  hydrated  salts,  leads  to  con- 
ception of  their  structure. 

Urbana,  Illinois„ 
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